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ABSTIUCT 

A  limited  engineering  flight  test  evaluation  of  a  UH-IB 
equipped  with  floatation  landing  gear  was  conducted  by  the  U.  S. 
Army  Aviation  Test  Activity  (USAAVNTA).  The  objectives  of  the 
program  were  to  verify  and  amplify  the  data  obtained  during  the 
manufacturer's  flight  testing  and  establish  the  basis  for  the 
Operator's  Manual  data  to  be  used  for  Ull-IB  helicopters  equipped 
with  floatation  landing  gear. 

The  USAAVNTA  was  designated  Hxecutive  Test  Agency  and  was 
responsible  for  test  plan  preparation,  test  execution,  and  test 
reporting.  A  total  of  40  flights  for  27  productive  flight  hours 
was  flown  at  Edwards  Air  1-orce  Base  and  Bakersfield,  California, 
from  27  July  1965  through  10  September  1965. 

The  UH-IB  equipped  with  floatation  landing  gear  could  be 
flown  with  reasonable  safety  within  a  restricted  flight  envelope 
compared  with  a  standard  UH-IB.  The  overall  flying  qualities 
were  inferior  to  those  of  a  standard  UH-IB.  Installation  of  the 
floatation  landing  gear  resulted  in  a  significant  performance 
penalty.  The  water  handling  characteristics  were  considered 
excellent. 

Several  warning  statements  and  notations  describing 
peculiarities  in  handling  qualities  were  recommended  for  insertion 
in  the  Operator's  Manual  for  operating  UH-IB 's  with  floatation 
landing  gear,  A  restricted  flight  envelope  was  recommended  for  the 
Ull-IB  equipped  with  floatation  landing  gear.  The  performance  test 
results  were  recommended  for  incorporation  in  the  Operator's  Manual. 
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I'OREWORD 


1.  Authority 

Letter,  AMSTE-BG,  Headquarters,  U.  S.  Army  Test  and  Evaluation 
Command,  11  December  1964,  subject:  "Test  Directive,  USATECOM 
Project  No.  4-5-5301-01,  Engineering  Test  of  Uli-IB  Helicopter 
Equipped  with  Bell  Helicopter  Floatation  Gear." 

2.  References 


A  list  of  references  is  contained  in  Appendix  V. 
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1.1  TEST  OBJECTIVES 

a.  To  verify  and  amplify  the  data  obtained  during  the 
manufacturer's  flight  testing. 

b.  To  establish  the  basis  for  the  Operator's  Manual  data  to 
be  used  for  UH-lB  helicopters  equipped  with  floatation  landing  gear. 

1.2  RESPONSIBILITIES 

The  U,  S,  Army  Aviation  Test  Activity  (USAAVNTA) was  designated 
Executive  Test  Agency  and  was  responsible  for  test  plan  preparation, 
test  execution,  and  test  reporting. 

1.3  DESCRIPTION  OP  MATERIEL 

The  floatation  landing  gear  tested  consisted  of  two  rubberized 
fabric  floats  33  inches  in  diameter  and  20  feet  long.  Ihe  floats 
were  attached  to  the  helicopter  by  cross  tubes  and  ful]-length 
aluminum  tubes  integral  to  each  float  which  replaced  the  conventional 
skids  and  cross  tubes.  Each  float  was  inflatable  with  a  normal 
charge  of  1.5  pounds  per  square  inch  in  each  of  the  five  separate 
compartments  comprising  it.  A  horizontal  fixed  stabilizer  with  a 
36-inch  span  and  an  18-inch  chord  was  installed  on  the  standard  tail 
skid. 


The  aircraft  upon  which  the  floats  were  installed  was  a 
standard  UII-IB,  S/N  60-3548,  equipped  with  a  T53-L-9A  engine. 

1.4  BACKGROUND 

Two  agencies,  the  Army  Air  Defense  Command  (ARADCOM)  and  the 
Special  Warfare  Center,  were  interested  in  obtaining  a  limited 
number  of  floatation  landing  gears  for  their  UH-1  helicopters. 

ARADCOM  was  interested  in  the  necessity  and  desirability  of 
having  the  floatation  landing  gears  for  emergency  use  on  six  of 
their  aircraft  operating  in  the  New  York,  Miami,  Seattle  and  San 
Francisco  areas. 

Special  Warfare  Center  was  interested  in  exploring  the 
feasibility  of  using  floatation-landing-gear-equipped  helicopters 
in  remote  areas  for  special  v/arfare  operations.  This  type  of  use 
encompasses  operation  in  water  of  a  variety  of  sea  states  and 
flow  velocities. 
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The  contractor  performed  limited  testing  of  the  floatation 
landing  gear  and  recorded  the  resulting  airspeed,  center-of- 
gravity  (C.G,),  altitude  and  gross  weight  envelope  in  reference 
a,  Section  3,  Appendix  V.  The  data  obtained  was  insufficient, 
however,  to  establisli  the  effect  of  the  floatation  gear  upon  the 
performance  and  stability  and  control  of  t!ie  Uil-IB  lielicopter. 

The  U.  S.  Army  Materiel  Command  (USAMC)  assigned  a  joint 
engineering/service  test  of  the  Ull-IB  helicopter  cquiiiped  witli 
floatation  landing  gear  to  the  U.  S.  Army  Test  and  evaluation 
Command  (USATECOM)  on  20  June  ll)()4«  In  Test  Directive,  11  December 

1964,  USAThCOM  assigned  the  engineering  test  to  IJSAAVNTA.  Test 
plan  submitted  by  USAAVNTA  was  approved  by  USATIJTTI  on  19  I'ebruary 

1965. 

Testing  consisted  of  40  flights  for  a  total  of  27  productive 
flight  hours  and  was  conducted  at  Edwards  Air  I'orce  Base  and 
Bakersfield,  California,  from  27  July  through  10  Septembei  1905. 

1,5  CONCLUSIONS 

a.  The  Ull-IB  equipped  with  floatation  landing  gear  could  be 
operated  with  reasonable  safety  within  the  reduced  flight  envelope 
prescribed  in  paragraph  1,6,  Recommendations. 

b.  The  overall  flying  qualities  of  the  UH-IB  equipped  with 
floatation  landing  gear  were  inferior  to  those  of  a  standard  Ull-IB. 

c.  A  significant  performance  penalty  was  experienced  by  a 
Ull-IB  equipped  with  floatation  landing  gear  compared  with  a  standard 
Ull-IB. 


d.  The  water  handling  characteristics  of  the  floatation- 
landing-gear-equipped  Ull-IB  were  excellent. 

1.6  RECOMMENDATIONS 

a.  Operations  with  the  UH-IB  equipped  with  floatation  landing 
gear  should  be  limited  to  the  follov/ing  flight  envelope: 

(1)  Maximum  gross  weight  -  8000  pounds  (reference 
paragraph  2.0). 

(2)  Center-of-gravity  limits  -  Forward  limit  Station  126 

Aft  limit  Station  134 

(reference  paragraph  2.0). 

(3)  Maximum  altitude  -  10,000  feet  (reference  a). 
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(4)  Maximum  airspeed  (Vj^p)  -  95  knots  calibrated  airspeed 
(KCAS)  (reference  paragraphs  2.2, 1.4,  2. 2. 2. 4, 

2. 2. 4. 4,  2. 2. 5. 4)  or  placard  airspeed  in  Operator's 
Manual  (TM  55-1520-211-10),  whichever  is  less. 

(5)  Maximum  winds  for  crosswind  and  downwind  hoverinp 
operations  -  2'5  knots  (reference  paragraph  2. 2. 6. 4). 

b.  Tlie  performance  results  obtained  during  this  evaluation 
sliould  be  incorporated  in  the  Operator's  Manual  (reference  f) 
(paragraph  2.1). 

c.  Tlie  following  appropriate  warning  statements  should  be 
incorporated  in  the  Operator's  Manual  for  operation  of  Uil-lB's 
equipped  with  floatation  landing  gear: 

(1)  Explain  the  hazards  involved  in  making  a  run-on  auto- 
rotative  landing  on  land  in  a  nose-high  attitude  (reference 
paragraph  2. 1.4.2) . 

(2)  Explain  the  hazards  involved  in  making  a  less  than 
10-knot  touchdown  speed  autorotative  landing  on  water  (reference 
paragraph  2. 1. 4.2) . 

d.  The  following  appropriate  notations  should  be  included  in 
the  Operator’s  Manual  for  operating  the  UH-IB  equipped  with  float¬ 
ation  landing  gear; 

(1)  Describe  the  optimum  techniques  to  make  autorotative 
landings  on  both  land  and  water  (leference  paragraph  2. 1.4. 2). 

(2)  Describe  tlie  techniques  for  handling  the  aircraft  on 
water  (reference  paragraph  2. 2. 7. 4). 

(3)  Describe  the  undesirable  handling  qualities  occurring 
at  high  airspeeds  in  level  flight  (reference  paragraphs  2. 2. 1.4, 

2. 2. 2. 4,  2. 2. 4. 4  and  2. 2. 5. 4). 

(4)  Describe  the  deterioration  of  handling  qualities 
compared  with  those  of  a  standard  Ull-IB  existing  when  hovering  in 
winds  (reference  paragraph  2. 2. 6. 4), 
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SECTION  2.  DETAILS  OE  TEST 


2.0  INTRODUCTION 

The  tests  described  in  this  section  were  conducted  during  non- 
turbulent  atmospheric  conditions  to  eliminate  the  unpredictable 
influence  of  turbulence  upon  the  test  data.  All  data  was  gathered 
using  calibrated  airborne  test  instrumentation. 

Stability  and  control  test  results  were  conducted  in  accordance 
wi^I.  and  compared  with  the  requirements  of  MIL-H-8501A  (reference 
g) . 


Testing  consisted  of  40  flights  for  27  productive  flight  hours 
and  was  conducted  at  Edwards  Air  Force  Base  and  Bakersfield, 
California,  from  27  July  1965  through  10  September  1965. 

The  helicopter  on  which  the  floats  were  installed  was  a 
standard  UH-IB,  S/N  60-3548.  No  change  in  elevator  or  swashplate 
rigging  from  that  specified  for  a  standard  UU-IB  was  used  for  the 
float  configuration  tests  although  a  fixed  stabilizer  was  installed 
on  the  tail  skid  as  part  of  the  floatation  landing  gear. 

Many  of  the  tests  scheduled  in  the  test  plan  (reference  c)  were 
not  accomplished  because  of  premature  deployment  of  the  test  air¬ 
craft.  Tests  were  conducted  in  an  order  designed  to  provide  the 
maximum  information  in  the  minimum  time  and  still  be  consistent  with 
safety  of  flight.  Cress  weights  varying  from  6500  pounds  to  8000 
pounds  with  center  of  gravity  (C.G.)  varying  from  Station  126 
(forward)  to  Station  134  (aft)  were  evr’nated  during  these  tests. 
Until  further  testing  is  accomplished  operation  of  UH-lB's  equipped 
with  floatation  landing  gear  should  be  confined  to  this  loading 
envelope . 

2 . 1  PERFORMANCE 

2.1.1  Hover 


2. 1.1.1  Objective 

The  objective  of  these  tests  was  to  determine  if  the 
installation  of  the  floatation  landing  gear  resulted  in  a  decrease 
in  hovering  performance  compared  with  that  of  a  standard  Ull-IB. 

2. 1.1. 2  Method 

The  free-flight  hovering  technique  was  used  for  the  hovering 
tests.  The  helicopter  was  stabilized  at  floatation  landing  gear 
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heights  of  5  feet  and  15  feet  above  the  ground  at  an  average  density 
altitude  of  3000  feet.  Gross  weights  varied  from  0800  pounds  to  8800 
pounds  and  rotor  l^Prl  varied  from  203  to  331  rpm.  The  parameters 
necessary  to  establish  power  required  and  test  ambient  conditions 
were  recorded  while  the  aircraft  was  in  a  stabilized  hover.  All 
hovering  tests  were  conducted  in  winds  of  less  than  3  knots. 

2. 1.1. 3  Test  Results 

The  results  of  the  hovering  tests  are  presented  graphically 
in  figure  1,  Appendix  I. 

2. 1.1.4  Analysis 

The  limited  in-ground-effect  (IGb)  hovering  tests  conducted 
indicated  that  the  hovering  performance  of  a  Ull-18  equipped  with 
floatation  landing  gear  and  a  standard  UH-IB  were  essentially 
equivalent.  A  comparison  of  the  non-dimensional  hovering  performance 
(figure  1,  Appendix  I)  with  the  similar  presentation  in  the  YIIU-IB 
Category  II  Performance  Tests  (reference  h)  indicated  that  the  data 
is  within  the  scatter  band  of  that  of  the  standard  UH-IB  at  the  same 
skid  or  float  height.  These  results  were  unexpected  since  the  rotor 
gimbal,  hence  rotor,  of  the  UH-IB  with  floatation  landing  gear  was 
approximately  20  inches  higher  above  the  ground  than  that  of  the 
UH-IB  with  the  standard  skid  gear.  Similar  results  were  obtained  by 
the  airframe  contractor  during  certification  of  the  floatation 
landing  gear  on  the  commercial  model  204B  helicopter,  as  reported  in 
reference  a. 

2.1.2  Climb 


2.1.2. 1  Objective 

The  objective  of  these  tests  was  to  determine  the  loss  in 
climb  performance  due  to  the  installation  of  the  floatation  landing 
gear  on  the  UH-IB, 

2. 1.2.2  Method 

Two  check  climbs  were  flown  in  the  UH-IB  equipped  with  the 
floatation  landing  gear  to  the  10,u00-foot  altitude  placard  limit 
at  each  of  two  gross  weights.  Tests  were  conducted  at  engine  start 
gross  weights  of  6600  pounds  and  7660  pounds  at  a  mid  C.G.  loading. 

2. 1.2.3  Results 

Test  results  are  presented  graphically  in  Figures  2  and  3, 
Appendix  I. 
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2. 1.2,4  Analysis 


The  sea- level  standard-day  rate  of  climb  at  an  engine  start 
gross  weight  of  7660  pounds  was  1550  feet  per  minute  (fpni)  as  compared 
with  1950  fprn  for  a  standard  Ull-IB  flown  at  the  same  conditions.  This 
represented  a  20-percent  decrease  in  climb  performance  due  to  the 
relatively  high-drag  floatation  landing  gear.  The  test  climbs  were 
flown  at  airspeeds  approximately  5  to  10  knots  higher  than  the  air¬ 
speeds  for  minimum  power  as  derived  from  the  level  flight  performance 
tests.  However,  due  to  the  flatness  of  the  "bucket"  of  the  speed- 
power  polar  for  the  floatation  landing  gear-equipped  Ull-IB,  the  effect 
on  climb  performance  due  to  the  airspeed  difference  in  climb  schedule 
should  be  minor. 

No  deterioration  in  flying  qualities  during  stabilized 
climbs  was  apparent  to  the  pilot  as  compared  with  a  standard  UH-IB. 

No  problems  were  experienced  in  maintaining  a  predetermined  climb 
schedule. 

2.1.3  Level  Flight 

2. 1.3.1  Objective 

The  objective  of  these  tests  was  to  define  the  power  required 
as  a  function  of  airspeed.  This  in  turn  was  used  to  determine  range 
and  maximum  airspeed  performance  penalties  due  to  the  installation  of 
the  floatation  landing  gear. 

2. 1.3. 2  Method 

Five  level  flight  performance  tests  were  conducted  at  gross 
weights  varying  between  6520  pounds  and  8510  pounds  and  density 
altitudes  ranging  from  1940  feet  to  9050  feet.  Level  flight  tests 
were  flown  at  a  constant  thrust  coefficient  (Cj) ;  this  involved 
increasing  altitude  on  successive  data  points  as  fuel  was  used.  All 
data  was  taken  in  stabilized  level  flight.  A  non-dimensional 
presentation  was  used  to  define  the  performance  for  any  combination 
of  gross  weight  or  altitude. 

2. 1.3. 3  Results 

The  results  of  all  the  level  flight  tests  are  presented  in 
non-dimensional  form  in  Figures  4  through  6,  Appendix  I.  Individual 
level  flight  performance  test  results  are  presented  graphically  in 
Figures  7  through  11. 

2. 1.3.4  Analysis 

The  performance  penalty  in  terms  of  power  required  due  to 
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the  installation  of  the  floatation  landing  gear  is  shown  in  Figure  A. 


PI6URE  PERFORMANCE  COMPARISON 
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Tlie  float-equipped  UIl-lB  required  114  SHP  (18.4  percent) 
more  than  the  standard  clean  UU-IB  for  the  conditions  shown  in  Figure 
A  at  the  float-equipped  UH-IB  recommended  placard  airspeed  limit  of 
102  KTAS  (95  KCAS) .  This  is  equivalent  to  an  increased  fuel  flow  of 
6()  pounds/hour.  At  the  power  level  required  to  cruise  the  standard 
clean  UIl-lB  at  102  KTAS  for  the  conditions  show,  the  installation 
of  the  floats  has  the  effect  of  reducing  the  airspeed  10  KTAS.  At 
the  airspeed  for  minimum  power  required  the  float-equipped  UH-IB 
required  22  SIIP  (4.9  percent)  more  than  the  standard  clean  UH-IB. 
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Tlie  performance  penalty  in  terms  of  specific  ranpe  perform¬ 
ance  is  shown  in  Figure  U. 


R£COMM£MP£0  UMPT 

WfTM  FLOAT  kiT  JIUSTALLEO 


Float  kit 
installed 


6000  6500  7000  7500  6000  8500 


|iS0Pi 

is^iiSKJsiasiasj 


LEVEL  PLIGHT  RANGE  SUMMARY 

UW-IB  FLOAT  KIT  INSTALLED 

STANDARD  DAY  •  ALTITUDE  *  5000  FT 
ROTOR  SPEED  =  324  RPM 


EAN  (FTC-T 

DR-eZ-Zl) 

_ 

- 

- — ^ 

Float  ki 
INSTALL  t 

T 

:d  — 

— 

- , 

_ 

MAX  GROSS 
WEIGMT  limitation 

N07-a'({^AyppJ^AQ££):c^  ^P£C:/=U£LFL0W MT 

‘  “  riVB  TA  fCSAJ.  aj?OM  B£lL  /?PT.  Z.0S-O99  -  VOS  ... 


The  installation  of  the  floats  resulted  in  a  9.4-to  10.7- 
percent  decrease  in  specific  range  of  the  float-equipped  UH-lh, 
dependent  upon  gross  weight.  At  8010  pounds,  the  recommended  cruise 
speed  for  the  float-equipped  Illl-IB  and  the  placard  airsneed  limit  of 
the  standard  clean  IJll-lB  are  equal  (97  KTAS) .  As  the  gross  weight  is 
reduced  the  recommended  cruise  speed  of  the  standard  clean  Ull-IR 
becomes  higher  than  that  of  the  float-equipped  Ull-IB.  At  GbOO  pounds, tlie 
recommended  cruise  speed  of  the  standard  clean  Ull-IB  is  112  KTAS  and  that 
of  the  float- equipped  UII-IB  is  97.5  KTAS. 
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2.1.4 


Autorotation 


2 . 1 . 4 . 1  Ob  j  e  ct  i  ve 

Tlie  objectives  of  these  tests  were  to  determine  the  effects 
of  the  floatation  landing  gear  installation  on  tlie  IJll-lB  as  indicated 

a.  Define  the  airspeed  for  minimum  rate  of  descent  in 
stabilized  autorotation. 

b.  Determine  the  height-above-ground-versus-airspeed  re¬ 
lationship  (Deadman’s  Curve)  that  will  result  in  a  safe  autorota- 
tional  landing  following  an  engine  failure  over  water. 

c.  Establish  the  optimum  pilot  techniques  for  performing 
autorotational  landings  on  water  or  land. 

2. 1.4.2  Method 

Autorotational  sawtooths  were  conducted  to  determine  the 
airspeed  for  minimum  rate  of  descent  and  the  minimum  rate  of  descent 
during  stabilized  autorotations.  Tlie  autorotational  sawtooths  con¬ 
sisted  of  establishing  stabilized  autorotations  at  various  airspeeds, 
then  for  each  airspeed  recording  the  time  to  pass  through  a  selected 
increment  of  altitude. 

The  "Deadman's  Curve"  was  developed  by  simulating  an  engine 
failure  by  rapidly  reducing  power  with  the  collective  twist  grip 
(gas  producer  speed  control) ,  delaying  1  to  2  seconds  before  lowering 
the  collective  control,  establishing  a  stabilized  autorotation,  and 
executing  an  autorotative  touchdown  on  water.  Autorotative  landings 
were  conducted  at  a  given  engine  failure  airspeed  at  successively 
lower  altitudes  until  a  minimum  altitude  consistent  with  safety  was 
reached.  Repetitions  of  the  above  autorotative  landing  technique 
were  conducted  at  different  airspeeds  to  define  a  curve  of  safe 
altitude  versus  airspeed.  Simulated  engine  failures  were  conducted 
in  both  climbs  and  level  flight.  Tests  were  conducted  at  an  average 
gross  weight  of  8000  pounds  and  an  average  density  altitude  of  3000 
feet.  Autorotative  touchdowns  on  water  were  conducted  at  touchdown 
airspeeds  as  low  as  zero  knots  and  as  high  as  45  knots. 

Autorotative  techniques  during  water  landings  were  straight¬ 
forward  and  easy  to  accomplish.  There  were,  however,  important  vari¬ 
ations  in  procedures  in  operations  applicable  to  water  as  opposed  to 
land.  Initial  pilot  response  to  engine  failure  or  entry  into  auto¬ 
rotation  was  unchanged  from  that  in  basic  UH-IB  operations.  The 
following  procedures  should  be  used  by  pilots  during  operations  with 
floatation-landing-gear-equipped  UH-lB's.  After  establishing  auto¬ 
rotative  flight  at  60  knots  indicated  airspeed  (KIAS)  in  accordance 
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witli  tlie  procedures  determined  by  tlie  type  of  failure,  a  decision 
should  be  made  as  soon  as  possible  as  to  whether  the  landing  is  to 
be  made  on  land  or  water.  If  a  choice  is  avaiiable,  a  water  landing 
is  preferred  wlien  water  conditions  are  satisfactory  and  wave  heiyht 
is  less  than  2  feet.  For  wave  heij^hts  of  less  than  2  feet,  tlie 
landing  should  be  made  into  the  wind  and,  therefore,  into  the  waves. 
For  wave  heights  of  more  than  2  feet,  autorotation  sliould  be  planned 
to  land  90  degrees  to  wave  motion  or  crosswind,  with  a  right  cross- 
wind  preferred  and  touchdown  on  a  wave  crest.  A  moderate  flare 
should  be  executed  at  20  to  2S  feet  to  reduce  fonvard  speed  and 
arrest  rate  of  descent.  At  tliis  time,  procedures  will  vary  depend¬ 
ing  on  whether  the  aircraft  is  to  be  landed  on  water  or  land. 


PHOTO  3  -  Autorotational  Touclidown  on  hater 


PHOTO  4 


Deceleration  After  Autorotational  Touchdown  on  Water 


4^ 
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a.  Water 


Autorotative  landing  on  water  with  floats  is  accomplished 
in  a  fuselage  level  attitude  only  when  landing  from  hover  or  with  less 
than  5  knots  of  ground  speed.  Landing  from  normal  autorotative  glide 
is  achieved  by  using  the  flare  to  reduce  airspeed,  arrest  rate  of 
descent  and  control  a  smooth  "run  on"-type  touchdown  in  a  nose-high 
attitude.  Touchdown  should  be  in  an  approximately  5-degree  nose- 
high  attitude  at  12  to  18  knots  ground  speed.  Minimum  collective 
pitch  should  be  used  prior  to  touchdown  unless  flare  has  not  been 
sufficient  to  arrest  rate  of  descent.  Touchdown  with  a  5-degree  nose- 
high  attitude  will  be  on  the  back  of  the  floats  and  a  slightly  nose- 
up  attitude  should  be  maintained  to  prevent  the  forward  end  of  the 
floats  from  "digging  in."  Aft  cyclic  and  collective  pitch  are  used 
to  prevent  the  floats  from  digging  in  while  water  drag  on  the  floats 
decelerates  the  helicopter.  The  following  warning  statements  should 
be  inserted  in  the  Operator’s  Manual  for  Ull-lB's  equipped  with  the 
floatation  landing  gear: 

Autorotative  landing  on  water  will  result  in  "digging  in" 
and  possibly  tipping  over  f'orward  in  a  fuselage-level  attitude  with 
over  5  knots  of  Forward  ground  speed. 

Attempts  to  reduce  water  touchdown  speeds  below  10  knots 
following  an  alTtorotative  glide  may  'result  in  excessive  use  o^ 
collective  pitch  prior  to  touchdown  and  insufficient  control  will 
remain  to  prevent  the  floats  from  ’‘digging  in." 

b .  Land 

Autorotative  operations  on  land  are  unchanged  from 
standard  configuration  operations  with  skids  except  that  ground 
speeds  should  be  reduced  to  zero  if  possible.  The  aircraft  should 
be  landed  in  a  fuselage  level  attitude. 

The  following  warning  statement  should  be  included  in 
the  Operator's  Manual  (reference  f)  for  Uli-IB  operation  with 
floatation  landing  gear  installed: 

Autorotative  touchdowns  on  land  in  other  than  a  fuselage 
level  attitude  will  result  in  porpioising  oi^  the  aircraft  due  to  the 
bouncing  tendency  of  the  floatation  lanaing  gear. 

2. 1.4.3  Test  Results 

The  results  of  the  autorotational  sawtooth  tests  are  presented 
graphically  in  Figure  14,  Appendix  I.  The  "Deadman's  Curve"  is 
presented  graphically  in  Figure  15. 
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2. 1.4. 4  Analysis 


The  minimum  rate  of  descent  was  1740  fpm  as  compared  with 
1()30  fj)m  for  a  standard  Ull-lh.  This  comparison  was  made  at  a 
gross  weight  of  approximately  0600  pounds  and  a  density  altitude 
of  5000  feet.  The  calibrated  airspeed  for  minimum  rate  of  descent 
was  50  knots  as  compared  with  55  knots  for  the  standard  Ull-IB. 

Tlie  "avoid"  area  of  the  "Ueadman's  Curve"  appeared  to  be 
only  slightly  greater  than  that  for  a  standard  IJIl-lB.  An  accurate 
comparison  was  not  possible  because  the  gross  weight  and  density 
altitude  of  the  "Ueadman's  Curve"  presented  in  the  standard  UIl-lB 
evaluation  (reference  h)  were  slightly  different  from  those  present 
during  these  tests.  Below  50  KIAS,  the  test  aircraft  required  an 
additional  50  to  100  feet  to  execute  safely  an  autorotativc  landing 
on  water  compared  with  standard  UH-IB  operations  on  land. 


2.1.5  Airspeed  Calibration 

2. 1.5.1  Objective 

The  objective  of  these  tests  was  to  determine  the  position 
error  for  both  the  ship  standard  and  test  boom  airspeed  systems  for 
tfie  UH-IB  equipped  with  floatation  landing  gear. 

2. 1.5.2  Method 

The  airspeed  systems  were  calibrated  in  level  flight  by 
using  a  calibrated  trailing  bomb.  The  trailing  bomb  had  a  zero 
position  error  and,  compared  with  the  instrument-corrected  ship  and 
boom  systems  airspeed  ’ ndicator  readings,  yielded  position  error 
directly. 


2. 1.5. 3  Test  Results 

The  results  of  the  airspeed  calibration  test  are  presented 
graphically  in  Figure  16,  Appendix  I, 

2. 1.5.4  Analysis 

The  position  error  of  the  ship  standard  airspeed  system  was 
acceptable  up  to  the  recommended  placard  limit  airspeed  of  95  KCAS. 
The  largest  error  was  a  positive  5  knots  occurring  at  80  KIAS.  At 
95  KIAS  the  position  error  was  a  positive  2  knots  and  was  acceptable. 
The  trend  of  the  position  error  at  airspeeds  higher  than  95  KIAS  was 
toward  the  favorable  negative  position  error  direction.  This 
characteristic  is  common  to  standard  UlI-lB's. 
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The  position  errors  of  tlie  ship  airspeed  system  determined 
during  this  evaluation  agreed  reasonably  well  with  those  of  a 
standard  Ull-lh.  Therefore,  it  is  recommended  that  the  position 
error  publislicd  in  the  Operator's  Manual  for  the  standard  Ull-IB  be 
used  for  IJll-lB's  ecjuipped  with  floatation  landing  gear. 

2.2  STABILITY  AND  CONTROL 

2.2.1  Static  Longitudinal  Stability 

2.2. 1.1  Objective 

The  objective  of  these  tests  was  to  record  and  evaluate  the 
longitudinal  control  motions  required  to  vary  airspeed.  The  airspeed- 
control  position  gradients  were  evaluated  with  respect  to  tlie  degree 
of  stability,  control  margins,  and  presence  of  any  objectionable 
control  position  discontinuities. 

2.2. 1.2  Method 

The  static  longitudinal  stability  was  evaluated  using  two 
methods.  The  first  method  consisted  cf  triirming  the  helicopter  at 
each  of  the  several  trim  conditions  liatf*  ’  in  MIL-H-8501A 
(reference  g) ,  then  using  the  controls  as  required  to  vary  the  air¬ 
speed  about  this  trim  point.  The  collective  control  was  held  fixed 
at  the  trim  position,  allowing  altitude  to  vary  as  airspeed  was 
changed  during  this  maneuver.  Data  was  recorded  when  the  helicopter 
was  completely  stabilized.  Tests  were  conducted  in  climb,  level 
flight  and  autorotation  at  an  average  density  altitude  of  5000  feet, 
an  average  gross  weight  of  6600  pounds,  and  an  aft  C.G. 

The  second  method  consisted  of  recording  and  evaluating  the 
control  position  required  to  maintain  stabilized  level  flight.  Data 
obtained  was  recorded  during  the  conduct  of  the  level  flight  tests. 

2. 2. 1.3  Test  Results 

The  results  of  the  static  longitudinal  stability  tests  are 
presented  graphically  in  Figures  17  through  21,  Appendix  I. 

2. 2. 1.4  Analysis 

The  Dll- IB  equipped  with  floatation  landing  gear  exhibited 
positive  static  longitudinal  stability  at  all  conditions  tested  at 
airspeeds  faster  than  40  KCAS.  The  normal  static  longitudinal 
instability  occurring  below  40  KCAS  in  the  standard  UH-IB  was  also 
present  in  the  UH-IB  equipped  with  floatation  landing  gear.  The 
degree  of  instability  in  this  case  was  higher  than  that  of  a 
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standard  UH-lB  but  this  was  not  considered  objectionable  by  the 
pilot. 


No  objectionable  control  displacement  discontinuities  or 
insufficient  control  margins  v;ere  encountered  during  any  of  the 
conditions  tested. 

The  aircraft  nose-down  pitch  attitude  became  uncomfortably 
large  at  airspeeds  above  90  KCAS.  This  was  one  of  the  factors  which 
resulted  in  the  recoijunended  placard  airspeed  of  95  KCAS. 

2.2.2  Static  Lateral-Directional  Stability 


2.2.2. 1  Objective 

The  objective  of  these  tests  was  to  insure  that  the  UH-IB 
equipped  with  floatation  landing  gear  possessed  positive  directional 
stability  and  effective  dihedral  and  did  not  exhibit  excessive 
longitudinal  trim  changes  during  steady-state  sideslips. 

2. 2. 2. 2  Method 

The  static  lateral-directional  stability  tests  were 
conducted  at  an  average  gross  weight  of  6700  pounds  and  a  forward 
C.G.  at  an  average  density  altitude  of  5000  feet.  Tests  were 
conducted  in  level  flight  at  airspeeds  of  35,  75  and  95  KCAS.  The 
aircraft  was  stabilized  in  level  flight  at  the  specified  airspeed 
and  altitude.  Stabilized  non-turning  sideslips  to  both  the  left  and 
right  were  executed  in  approximately  3-degree  increments.  The 
collective  control  was  held  fixed  at  the  trim  position  with  other 
controls  varied  as  required  to  obtain  the  desired  sideslip  angle. 
Throughout  the  sideslip,  airspeed  was  maintained  at  tl\e  trim 
indicated  value  with  altitude  allowed  to  vary. 

2. 2. 2.3  Test  Results 

Results  of  the  static  lateral-directional  stability  tests 
are  presented  graphically  in  Figures  22  through  24,  Appendix  I. 

2. 2. 2. 4  Analysis 

The  test  aircraft  exhibited  positive  directional  stability, 
as  indicated  hy.the  variance  of  pedal  position  versus  sideslip  angle, 
throughout  the  level  flight  airspeed  range  tested.  The  degree  of 
directional  stability  increased  as  airspeed  increased. 

The  effective  dihedral  during  steady-state  sideslips  was 
neutral  at  low  airspeeds  and  became  highly  negative  at  high  air- 
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speeds.  This  characteristic  was  considered  a  major  shortcoming  of 
the  UH-IB  equipped  with  floatating  landing  gear  and  was  a  violation 
of  paragraph  3,3.9  of  MIL-H-8501A  (reference  g) .  This  characteris¬ 
tic  was  aggravated  at  high  airspeeds  in  a  left  sideslip  by  a  large 
(i.e.,  2-inch)  nose-do^'m  longitudinal  trim  change.  There  was  very 
little  longitudinal  trim  change  in  a  right  sideslip.  The  combin¬ 
ation  of  these  factors  at  high  airspeeds  gave  the  pilot  the  impress¬ 
ion  of  impending  divergence  about  the  roll  axis  at  8-  to  10-degiee 
sideslip  angles  and  is  one  of  the  factors  prompting  a  recommended 
airspeed  limitation  of  95  KCAS  when  operating  the  UH-IB  with  float¬ 
ation  landing  gear. 

2.2.3  Dynamic  Stability 


2.2. 3.1  Objective 

The  objectives  of  these  tests  were  to  record  and  evaluate 
the  response  of  the  UH-IB  equipped  with  floatation  landing  gear  to 
control  pulse-type  disturbances. 

2. 2. 3. 2  Method 

Tests  were  conducted  in  level  flight  at  an  average  gross 
weight  of  6600  pounds  and  an  average  density  altitude  of  5000  feet. 
Both  a  forward  C.G.  (Station  126)  and  an  aft  C.G.  (Station  134) 
were  investigated  at  calibrated  airspeeds  of  75  knots  and  95  knots. 
Tests  were  conducted  in  a  hover  at  an  aft  C.G.,  an  average  gross 
weight  of  6600  pounds  and  a  density  altitude  of  3000  feet.  At  each 
test  condition  a  disturbance  was  introduced  about  each  axis  in  both 
directions.  The  disturbance  was  generated  with  a  1-inch  control 
input  which  was  held  for  1  second,  then  returned  to  the  original 
trim  position.  The  ensuing  aircraft  motion  was  allowed  to  persist 
until  it  damped  out  or  recovery  became  necessary.  A  control  fix¬ 
ture  was  used  to  insure  precise  inputs. 

2. 2. 3. 3  Test  Results 

Results  of  the  dynamic  stability  tests  conducted  at  a  for¬ 
ward  C.G.  and  95  KCAS  are  presented  in  the  form  of  time  histories, 
in  Figures  25  through  30,  Appendix  I. 

2. 2. 3. 4  Analysir 

No  objectionable  flight  characteristics  were  found  during 
any  of  the  dynamic  stability  tests  conducted. 

The  response  of  the  UH-IB  equipped  with  floatation  landing 
gear  to  either  lateral  or  longitudinal  disturbances  was  well  damped 
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md  appeared  to  be  similar  to  that  of  a  standard  Ull-IB. 


Following  a  directional  disturbance  at  high  airspeeds  a 
complex  pitch-roll-yaw  coupled  motion  resulted.  This  was  particularly 
true  following  a  right  pedal  input.  This  was  explained  by  the 
negative  dihedral  and  longitudinal  trim  change  which  occurred  in  left 
sideslips  and  were  described  in  paragraph  2. 2. 2. 4.  Following  a  riglit 
pedal  input  the  helicopter  entered  a  left  sideslip  and  the  correspond¬ 
ing  moments  generated  by  the  negative  dihedral  and  longitudinal  trim 
changes  introduced  lateral  and  longitudinal  coupling  to  the  basic 
directional  motion.  This  motion,  however,  had  a  long  enough  period 
so  that  it  was  not  objectionable. 


2.2.4  Controllability 


2. 2. 4.1  Objective 


The  objective  of  these  tests  was  to  insure  that  the 
floatation  landing  gear  installed  on  the  UIl-lB  did  not  cause  any 
objectionable  control  problems. 


2. 2. 4. 2  Method 


Controllability  tests  were  conducted  at  the  same  conditions 
as  the  dynamic  stability  tests  (paragraph  2. 2. 3. 2).  Various-size 
step  control  inputs  were  introduced  about  each  axis  in  both 
directions.  The  inputs  were  held  until  the  maximum  rates  had  been 
achieved  or  until  recovery  became  necessary.  A  control  fixture  was 
used  to  insure  precise  inputs. 

2. 2.4. 3  Results 

Results  of  tlie  controllability  tests  conducted  at  an  aft  C.G. 
and  95  KCAS  are  presented  graphically  in  Fiqures  31  throuph  35, 
Appendix  1. 

2. 2. 4. 4  Analysis 

The  controllability  of  the  UH-IB  equipped  with  floatation 
landing  gear,  when  expressed  in  terms  of  maximum  rates  and  angular 
accelerations  achievable  per  inch  of  control  deflection  and  times 
to  reach  these  maximums.was  essentially  the  same  as  that  of  a 
standard  UH-lB  about  both  the  roll  and  yaw  axes.  A  small  though 
noticeable  decrease  in  controllability  resulted  about  the  pitch 
axis.  The  pitch  rate,  except  for  its  lower  maximum  value, 
exhibited  essentially  the  same  damping  characteristics  as  those  of 
a  standard  UH-IB. 

Roll  and  yaw  axis  coupling  following  either  lateral  or 
directional  step  control  inputs,  however,  resulted  in  undesirable 
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flying  qualities.  Tliis  coupling  was  considered  a  major  short¬ 
coming  of  the  Ull-IB  equipped  with  floatation  landing  gear.  The 
problem  stemmed  mainly  from  the  negative  dihedral  occurring  in 
left  sideslips  that  was  described  in  paragraph  2. 2. 2. 4.  The 
control  coupling,  therefore,  was  most  pronounced  following  control 
inputs  which  resulted  in  left  sideslip,  A  right  lateral  input  was 
accompanied  by  complementary  yaw,  (i.e.,  left  sideslip),  and  a 
right  pedal  input  immediately  resulted  in  left  sideslip.  Figure 
33,  Appendix  1  shows  a  typical  right  lateral  step  at  high  speed. 

The  aircraft  gear  initially  followed  the  control  input  in  a  manner 
similar  to  that  of  a  standard  Ull-IB.  At  a  bank  angle  between  25 
and  30  degrees  the  roll  rate  suddenly  began  to  increase  in  value, 
probably  due  to  the  combination  of  complementary  yaw  (i.e.,  left 
sideslip)  and  its  resulting  negative  dihedral.  This  sudden  increase 
in  roll  rate  was  alarming  to  the  pilot.  A  similar  situation  resulted 
following  a  right  directional  step  and  is  shown  in  Figure  35.  These 
cliaracteristics  increased  in  severity  with  airspeed  and  are  among 
the  reasons  for  the  recommended  placard  airspeed  of  95  KCAS.  An 
appropriate  notation  should  be  included  in  the  Operator's  Manual  to 
advise  the  operatorsof  UH-lB's  equipped  with  floatation  landing  gear 
of  the  controllability  characteristics  which  result  from  uncoordinated 
rolling  and  yawing  maneuvers. 


2.2.5  Simulated  Engine  Failures 


2.2.5. 1  Objective 

The  objective  of  these  tests  was  to  determine  if  handling 
qualities  were  satisfactory  following  an  engine  failure  on  a  UIl-lB 
equipped  with  floatation  landing  gear. 

2. 2. 5. 2  Method 

Power  failures  were  simulated  by  rapidly  reducing  power 
with  the  collective  twist  grip  (gas  producer  speed  control).  The 
collective  pitch  control  was  not  lowered  for  at  least  2  seconds 
following  the  failure.  Tests  were  conducted  in  level  flight  at 
airspeeds  as  high  as  95  KCAS  and  in  a  hover.  Tests  were  conducted 
at  both  a  forward  and  an  aft  C.G.  at  gross  weights  varying  from 
6500  pounds  to  8000  pounds. 

2. 2. 5. 3  Test  Results 

The  results  of  the  simulated  engine  failure  tests  were 
based  on  the  qualitative  opinions  of  an  experienced  engineering 
test  pilot  and  are  discussed  in  paragraph  2. 2. 5. 4,  Analysis. 
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2. 2. 5. 4  Analysis 

The  response  of  the  UH-IB  equipped  with  floatation  landing 
gear  to  simulated  engine  failures  in  a  hover  and  at  low  airspeeds 
was  essentially  the  same  as  that  of  a  standard  UH-lB,  At  higher 
airspeeds  the  higher  power  required  and  increased  nose-down  pitch 
attitude  attributable  to  the  installation  of  the  floatation  landing 
gear  resulted  in  a  larger  nose-up  trim  change  and  yaw  left  following 
engine  failure  than  occurred  with  a  standard  UH-IB.  The  rotor  speed 
also  tended  to  decay  faster  and,  on  one  occasion  following  a 
simulated  failure  at  95  KCAS  at  an  aft  C.G.  loading,  blade  stall  was 
encountered  in  2.5  seconds,  after  the  rotor  speed  had  bled  to  255 
rpm.  These  factors  coupled  with  the  shortcomings  previously  discussed 
contributed  to  the  decision  to  limit  airspeeds  of  the  UH-IB  with  the 
floatation  landing  gear  installed  to  95  KCAS. 

2.2.6  Sideward  and  Rearward  Flight 


2.2.6. 1  Objective 

The  objective  of  these  tests  was  to  determine  if  sufficient 
control  was  available  to  hover  the  UH-IB  equipped  with  floatation 
landing  gear  in  crosswinds  and  tailwinds  of  30  knots. 

2. 2.6. 2  Method 

Hovering  in  crosswinds  was  simulated  by  flying  in  stabilized 
sideward  flight.  Hovering  in  tailwinds  was  simulated  by  flying  in 
stabilized  rearward  flight.  A  calibrated  pacer  vehicle  was  used  to 
provide  a  stable  reference  and  an  accurate  indication  of  the  true 
airspeed.  Tests  were  conducted  at  both  a  forward  and  an  aft  C.G. 

2. 2. 6. 3  Test  Results 

The  results  of  the  sideward  and  rearward  flight  tests  are 
presented  graphically  in  Figures  36  through  39,  Appendix  1. 

2. 2. 6. 4  Analysis 

Sufficient  control  power  was  available  to  hover  in  crosswinds 
and  tailwinds  in  winds  of  30  knots.  The  handling  qualities,  however, 
when  hovering  in  winds  were  not  as  good  as  those  of  a  standard  UH-IB. 
When  hovering  in  crosswinds  a  standard  UH-IB  requires  increasing 
positive  (stable)  lateral  control  as  wind  velocity  increases.  The 
UH-IB  equipped  with  floatation  landing  gear,  however,  required  no 
change  in  lateral  control  to  stabilize  in  crosswinds  up  to  approximately 
25  knots.  At  wind  speeds  higher  than  25  knots,  increasing  negative 
(unstable)  lateral  control  was  required  as  wind  speed  increased. 
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Hovering  characteristics  in  a  tailwind  were  essentially  the  same 
as  those  of  a  standard  Ull-IB.  At  the  critical  forward  C.G,  loading 
the  10-percent  control  margin  requirement  of  paragraphs  3.2.1  and  3.3.4  of 
MIL-H-8501A  occurred  at  a  25-knot  wind  speed.  Above  this  wind  speed 
very  little  increase  in  aft  longitudinal  control  was  required; 
however,  wind  gusts  resulted  in  the  longitudinal  control’s  repeatedly 
hitting  the  forward  stop.  These  characteristics  would  make  precision 
hovering  in  gusty  winds  difficult.  The  UH-IB  equipped  with 
floatation  landing  gear  should  not  be  hovered  in  winds  gusting  higher 
than  25  knots  and  appropriate  notation  should  be  included  in  the 
Operator's  Manual  describing  the  deterioration  of  handling  qualities 
when  hovering  with  the  floatation  landing  gear  installed. 

2.2,7  Water  Handling  Capability 

2.2. 7.1  Objective 

The  objective  of  these  tests  was  to  evaluate  the  capability 
of  and  to  develop  techniques  for  operating  the  UH-IB  equipped  with 
floatation  landing  gear  on  water. 

2. 2. 7. 2  Method 

The  test  airci'aft  was  operated  on  water  at  gross  weights 
varying  from  6600  pounds  to  8000  pounds  with  surface  winds  varying 
from  zero  to  15  knots.  Evaluations  of  starting  and  shutting  down 
the  helicopter,  taxiing  and  turning  the  aircraft  on  the  water  were 
conducted. 

2.2. 7. 3  Test  Results 

The  test  results  discussed  in  paragraph  2.2, 7.4,  Analysis, 
are  based  on  the  qualitative  observations  of  an  experienced 
engineering  test  pilot. 

2. 2. 7. 4  Analysis 

The  water  handling  characteristics  were  excellent  at  the 
water  conditions  tested. 

Four  shutdowns  to  rotor  stoppage  and  subsequent  restarts 
were  made.  Aircraft  heading  was  easily  maintained  into  the  wind 
as  the  rotor  coasted  down  after  shutdown.  Some  directional  control 
was  maintained  as  long  as  the  tail  rotor  was  rotating.  The  aircraft 
tended  to  remain  streamlined  into  the  wind  after  rotor  motion  had 
stopped.  On  each  restart  the  aircraft  turned  through  approximately 
120  degrees  before  directional  control  was  effective  enough  to 
overcome  engagement  torque.  Directional  control  became  effective 
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at  about  100  rotor  rpm.  This  occurred  with  smooth  application  of 
the  throttle,  whereas  more  rapid  or  abrupt  engagements  of  the 
tlirottle  resulted  in  a  greater  change  in  heading  and  required 
higher  rotor  rpm  before  effective  directional  control  was  obtained. 

Water  handling  characteristics  varied  with  gross  weight 
or  float  depth  in  the  water.  Float  depth  varied  from  approximately 
1/3  of  the  float  underwater  at  6500  pounds  to  slightly  over  1/2  of 
the  floatation  landing  gear  submerged  at  8000  pounds.  The  float 
depth  at  8000  pounds  was  considered  to  be  a  practical  limit.  Taxiing 
was  easily  accomplished,  with  no  tendency  of  the  aircraft  to  tip  at 
any  weight.  Taxi  ground  speeds  of  approximately  6  knots  at  8000 
pounds  to  10  knots  at  6500  pounds  were  possible  without  nose  tuck's 
becoming  severe  due  to  the  front  of  the  float  "digging  in."  This 
taxi  speed  was  increased  by  pulling  collective  pitch  and  thereby 
decreasing  float  depth.  Ground  speeds  approaching  15  knots  were 
obtained  through  this  method.  On  a  downward  taxi  with  the  wind  over 
3  knots  it  was  difficult  to  decelerate  and  stop  the  aircraft  through 
the  use  of  aft  cyclic  control  without  applying  significant  collective 
pitch.  Crosswind  taxi  presented  no  difficulties  and  was  easily 
accomplished  by  deflecting  the  lateral  cyclic  control  into  the  wind 
and  controlling  the  heading  with  the  pedals.  Generally,  as  weight 
was  increased  the  aircraft  became  more  sluggish  in  water  maneuvering; 
however,  this  assisted  in  handling  the  aircraft  in  higher  wind 
conditions  and  manifested  itself  as  an  apparent  increase  in  stability. 

No  evaluation  was  made  with  the  aircraft  in  flowing  water 
or  in  water  conditions  greater  than  Sea  State  1  due  to  nonavailability 
of  a  suitable  test  area. 

Hazards  peculiar  to  water  operation  include  very  poor  depth 
perception  over  smooth  water  for  all  flight  conditions  and  difficulty 
in  determining  relative  motion  of  the  helicopter  due  to  wave  motion 
created  by  the  downwash.  Depth  perception  is  considerably  improved 
by  waves.  IVhen  a  landing  is  anticipated  on  calm  water,  a  low  pass 
to  agitate  the  water  is  desirable  when  practical. 

Appropriate  notation  should  be  inserted  in  the  Operator's 
Manual  describing  the  tecliniques  for  handling  the  UH-IB  equipped 
with  floatation  landing  gear  on  water. 
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DEGREES 


TIME  ^SECONDS 


FIGURE  NO. 
RESPONSE  TO  AN  /AFT 
UH-IB  USA  s/n  60-35^ 

FULL  COMTROL  travel-  IE. 3  INCHES 
C.G.  LOCATION-  STATION-lZ.6  )N(FWD) 
AVERAGE  GROSS  WE1GHT-6600  LBS 


FIGURE  NO. 


PONSE  TO  AN  4FT  LONG  I TU Dl  NAL  PULSE 

•IB  USA  s/n  60-3548  FLOAT  KIT  INSTALLED 


L  TRAVEL-  \Z.3  INCHES 
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FIGURE  HO. 

'  RESPONSE  TO  A  FORM//1RD 
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Ll  COMTROL.  TRAVEL-  12.3  INCHES 
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FIGURE  NO.  I 

RESPONSE  TO  AN  AFT  I 

UH-IB  USA  s/n  60-35' 

FULL  C  ONTROL  Travel -I2. 3  INCHES  I 

C.G.  UDCATION-  STATION  I32.3  (AFT)  I 

GROSS  WT  6750  LB 
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FIGURE  NO.  3^/ 

RESPONSE  TO  AN  AFT  LONGITUDINAL  STEP 
UH-IB  USA  s/n  60*3548  FLOAT  KIT  INSTALLED 

L  CONTROL  TRAVEL -(2. 3  INCHES  TRIM  CAS -95  KNOTS 

LOCATION  -  STATION  132.3  (AFT)  DENSITY  ALTITUDE  49  00  FT. 
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FIGURE  NO.  -^2 

RESPONSE  TO  A  FWD  LQ 
UH-IB  USA  s/n  60-  35^ 
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FIGURE  NO. 

RESPONSE  TO  A  FWD  LONGITUDINAL  STEP 
UH-iB  USA  s/n  60-3548  FLOAT  KIT  INSTALLED 

ONTROLTRAVEL-12.3  inches  trim  CAS -9  5  KNOTS 

ION  -  STATI0NI32.3  (AFT)  DENSITY  ALTITUDE49T)0  FT. 

S  WT.  6640  LB  ROTOR  SPEED  324  RPM 
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YAW - 


< 


Fipyft£,  NO. 

RESPONSE  TO  Axright  lateral  step 
UH-re  USA  s/n  to- 3548  FLOAT  KIT  II 

ILL  CONTROL  TRAVEL- 1 2.  3  INCHES  TRIM  CAS  "95 

iDCATlON  -  STATION  133  5  {AFT)\  DENSITY  ALTITU 
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FIGURE  NO.  3-^  i 

RESPONSE  TO  A  LEFT  L^ 
UH-IB  USA  s/n  60-354] 

FULL  CONTROL  TRAVEL- '2.3  INCHES  | 

C.G.  LOCATION  -  STATION  133.5  (AFT)  | 
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RESPONSE  TO  A  LEFT  LATERAL  STEP 
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RESPONSE  TO  A  RIGHT  | 
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A/o.  3  7 
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OOe.LeCT/\yS  STICK 
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APPLNUIX  II 


NOMENCLATURE  AND  DATA  ANALYSIS  METHODS 


1.0  NOMENCLATURE 

SYMBOL  UESCRIPTION 

UNITS 

A 

Rotor  Disc  Area 

ft2 

C.G. 

Center  of  Gravity 

in 

Cp 

Power  Coefficient 

-- 

L't 

Thrust  Coefficient 

cUlp/dt 

Slope  of  Pressure  Altitude 

fpm 

“u 

versus  Time  Plot 

Density  Altitude 

ft 

lip 

Pressure  Altitude 

ft 

KCAS 

Knots  Calibrated  Airspeed 

kt 

KIAS 

Indicated  Airspeed 

kt 

Kp 

Power  Constant 

-- 

KTAS 

Knots  True  Airspeed 

kt 

Kw 

Weight  Constant 

-- 

Gas  Producer  Speed 

rpm 

Power  Turbine  Output  Speed 

rpm 

p 

Pressure 

lb/ft2 

‘^Ti 

Compressor  Inlet  Total  Temperature 

Kelvin 

R/C 

Rate  of  Climb 

fpm 

R 

Rotor  Radius 

ft 

SUP 

Shaft  Horsepower 

ft- lb 

Kelvin 


W  or  GW 


6 

e 

P 

V 

n 


Temperature 

Compressor  Inlet  Total  Temperature 
Time 

Calibrated  Airspeed 
True  Airspeed 
Gross  Weight 
I'uel  Flow 
P  +  29.92 
T  +  288 
Density 
Advance  Ratio 
Rotor  Gpeed 


2.0  DATA  ANALYSIS  METHODS 
2.1  GENERAL 


“Kelvin 

min 

kt 

kt 

lb 

Ib/hr 


Ib/sec^/ft^ 


rad/sec 


The  equations  and  procedures  used  to  correct  the  performance 
of  this  helicopter  from  test  conditions  to  U.  S.  standard 
atmosphere  conditions  are  described  in  this  paragraph. 


Dimensional  analysis  of  the  major  items  affecting  helicopter 
performance  will  yield  several  sets  of  dimensionless  variables 
which  may  be  used  to  present  performance  data  in  non-dimensional 
form.  The  Cp,  Cj,  y  method  is  used  in  this  report.  These 
variables  are  defined  as  follows; 


SHP  X  550 
pA  (nR)^ 


C 


T 


y 


W 

pA  (fiR)^ 

Vf 

nir 
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2.2  HOVERING 


Hovering  performance  data  was  obtained  using  the  free-flight 
hovering  technique.  Tests  were  flown  at  float  heights  of  5  feet 
and  15  feet.  Gross  weight  and  rotor  rpm  were  varied  to  permit  a 
large  range  of  values.  For  each  test  combination  of  gross 
weight,  rovor  rpm  and  float  height,  non-dimensional  power  and 
thrust  coefficients  were  calculated.  The  data  was  presented  with 
power  coefficient  plotted  versus  thrust  coefficient  at  lines  of 
constant  float  height. 

2.3  CLIMBS 


The  observed  rate  of  climb  was  corrected  to  tapeline  rate  of 
climb  by  the  expression: 


R/C 


test 


dH 


T 

test 

standard 


A  power  correction  was  then  made  to  the  tapeline  rate  of  climb 
to  obtain  standard  rate  of  climb.  Power  available  during  the  test 
was  corrected  to  standard-day  '•onditions  by  the  following  equation: 


AR/C  =  Kn  X 

power  P 


ASHP  X 


GW 


33,000 


test 


where : 

ASHP  =  SHP  available  from  reference  e  minus  SUP  observed 
during  test. 

GW  =  Test  gross  weight  at  altitude  at  which  SHP  was 
obtained. 

Kp  =  Power  constant  determined  by  flight  test  =  0.578. 


Gross  weight  corrections  were  made  by  use  of  the  following  equation; 


AR/C  .  ,  ,  =  K,.,  X  SHP  X  33,000  (7:,^= - 77^ 

weight  W  s  ’  ^GW  ^  ,  GW 

*  std 


-) 


test 


where : 

SHP^  =  Standard  shaft  horsepower  at  a  given  altitude. 
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GW  =  Test  eross  weight, 

test  ^ 

=  Standard  gross  weight. 

=  Weight  constant  obtained  from  reference  h=  .745. 


2.4  LEVEL  FLIGHT 


Each  level  flight  speed  power  was  flown  at  an  approximately 
constant  C^.  This  involves  increasing  altitude  as  fuel  is  burned. 
The  data  was  corrected  for  SHP  to  a  constant  G^  as  follows: 


SHF 


std 


SHP 


test 


^std 

^test 


The  non-dimensional  parameters  Cp,  C^, 
correlation  of  the  level  flight  data. 


and  y  were  used  for 


For  each  flight,  airspeed  and  power  required  were  reduced  to 
non-dimensional  form  and  a  plot  was  made  of  Cp  versus  y  at  the 
average  flown.  A  curve  was  faired  through  the  points  and  faired 
line  values  were  used  to  construct  a  carpet  plot  of  Cp  versus  C^. 

On  this  plot,  lines  of  constant  y  were  then  faired  through  the 
various  test  curves,  thus  defining  power  required  for  any  altitude, 
gross  weight,  airspeed  and  rotor  rpm, 

2.5  AUTOROTATIONAL  DESCENTS 


The  observed  rate  of  descent  during  stabilized  autorotations 
was  corrected  to  a  tapeline  rate  of  descent  by  the  following 
expression: 


Rate  of  Descent 


tapeline 


test 


std 


0 
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APPENDIX  III 


TEST  INSTRUMENTATION 

Test  instrumentation  was  installed  and  maintained  by  personnel 
of  the  Logistics  Division,  USAAVNTA,  Edwards  Air  Force  base, 
California.  Specialized  sensitive,  calibrated  instruments  were 
installed  in  the  test  aircraft.  A  test  airspeed  system  was 
installed  on  a  boom  mounted  on  the  nose  of  the  aircraft.  The 
following  parameters  were  recorded: 

a.  Pilot-Engineer's  Panel 

(1)  Boom  System  Airspeed 

(2)  Boom  System  Altitude 

(3)  Ship  System  Airspeed 

(4)  Ship  System  Altitude 

(5)  Free  Air  Temperature 

(6)  Engine  Differential  Torque 

(7)  Rotor  Speed 

(8)  Gas  Producer  Speed 

(9)  Exhaust  Gas  Temperature 

(10)  Angle  of  Sideslip 

(11)  Longitudinal  Cyclic  Control  Position 

(12)  Fuel  Flow  Stepper  Motor 

(13)  Fuel  Totalizer 

(14)  Photo  Panel  Intervaloraeter 

(15)  Photo  Panel  Counter 

(16)  Oscillograph  Counter 

b.  Photo  Panel 


(1)  Boom  System  Airspeed 
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(2)  Boom  System  Altitude 

(3)  Free  Air  Temperature 

(4)  Rotor  Speed 

(5)  Gas  Producer  Speed 

(6)  Exhaust  Gas  Temperature 

(7)  Time  of  Day 

(8)  Fuel  Totalizer 

(9)  Photo  Panel  Counter 

(10)  Oscillograph  Counter 

50-Channel  Oscillograph 

(1)  Pitch  Angle 

(2)  Roll  Angle 

(3)  Yaw  Angle 

(4)  Pitch  Rate 

(5)  Roll  Rate 

(6)  Yaw  Rate 

(7)  Pitch  Angular  Acceleration 

(8)  Roll  Angular  Acceleration 

(9)  Longitudinal  Cyclic  Positi 

(10)  Lateral  Cyclic  Position 

(11)  Pedal  Position 

(12)  Collective  Position 

(13)  Throttle  Position 

(14)  Angle  of  Sideslip 

(15)  C.G,  Normal  Acceleration 

(16) 


Rotor  RPM 


APPENDIX  IV 


GENERAL  AIRCRAFT  INFORMATION 
1.0  AIRCRAFT  DESCRIPTION 

The  aircraft  on  which  the  floatation  landing  gear  was  mounted 
was  a  standard  UH-IB,  S/N  60-3548.  The  aircraft  was  powered  by  a 
T53-L-9A  engine,  S/N  LEO-6309. 

The  UH-IB  is  a  single  main  rotor  helicopter  incorporating  a 
conventional  antitorque  tail  rotor.  The  main  rotor  is  a  two- 
bladed,  semi-rigid,  see-saw  type  employing  preconing  and  under¬ 
slinging.  Conventional  cyclic  and  directional  controls  are 
provided.  A  stabilizer  bar  is  used  to  provide  stability.  A 
detailed  description  of  the  helicopter  is  provided  in  reference  j. 

2.0  AIRCRAFT  DIMENSIONS 

The  following  abbreviated  list  of  dimensions  is  provided  to 
enable  the  reader  to  calculate  specific  performance  problems  from 
generalized  data  presented  in  this  report.  A  complete  description 
of  the  aircraft  is  provided  in  reference  j , 


a.  Main  Rotor 


Number  of  blades 

2 

Rotor  diameter 

44  ft 

Rotor  solidity 

0.0506 

Blade  chord  (root  to  tip) 

21  in 

Swept  area 

1520  ft^ 

b.  Tail  Rotor 

Number  of  blades 

2 

Swept  area 

56.5  ft^ 

c.  Gear  Ratios 

Power  turbine  to  engine  output  shaft 

3.22  to 

Engine  output  shaft  to  main 

rotor 

20.37  to 

Engine  output  shaft  to  tail 

rotor 

3.97  to 
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3.0  WEIGHT  AND  BALANCE 

The  test  aircraft  was  weighed  in  an  instrumented  condition 
first  with  the  standard  skid  gear  installed  and  second  with  the 
floatation  landing  gear  installed.  The  difference  between  these 
weighings  was  the  net  increase  in  weight  that  would  result  when 
operating  the  UH-iB  with  floatation  gear  installed,  in  this  case 
376  pounds. 

A  typical  mission  loading  would  be  as  follows: 


UH-IB  Operating  weight  (reference  i)  4787  lb 

Fuel  155  gallons  1008 

Crew  of  2  400 

Weight  increment  due  to  floatation  gear  376 

Payload  1429 

Engine  Start  Gross  Weight  8000  lb 


APPENDIX  V 


REFERENCES 


a.  Report  No.  204-099-174,  "Preliminary  Flight  Test  Results  Model 
20411  Float  Certification,"  Bell  Helicopter  Comjbany,  November  1963. 

b.  Unclassified  Message  6-1168,  AMCPM-IR-T,  Hq,  U.  S.  Army  Mateiiel 
Command  (USAMC) ,  20  June  1964,  subject:  "Engineering/Service  Test 
of  Ull-IB  and  IJll-lD  Water  Floatation  Gear." 

c.  Plan  of  Test  for  "Engineering  Test  of  UIl-lB  Helicopter  Equipped 
with  Bell  Helicopter  Floatation  Gear,"  U.  S.  Army  Aviation  Test 
Activity,  January  1965. 

d.  Letter,  AMSTE-BG,  llq,  U.  S.  Army  Test  and  Evaluation  Command, 

19  I'ebruary  1965,  subject:  "Plan  of  Test  for  the  Engineering  Test 
of  UH-IB  Helicopter  Equipped  with  Bell  Helicopter  Floatation  Gear, 
USATECOM  Project  No.  4-5-5301-01." 

e.  Report  No.  204-099-712,  "Substantiating  Data  for  the  Standard 
Aircraft  Characteristics  Charts  for  the  UH-IB  Helicopter,"  Bell 
Helicopter  Company,  5  May  1963. 

f.  Technical  Manual  TM55-1520-211- 10,  "Operator's  Manual  Army 
Models  UH-IA  and  UH-IB  Helicopters,"  Department  of  the  Army,  1964. 

g.  Military  Specification  MIL-H-8501A,  "General  Requirement  for 
Helicopter  Flying  and  Ground  Handling  Qualities,"  7  September  1961. 

h.  Report  FTC-TDR-62-21,  "YHU-IB  Category  II  Performance  Tests," 

U.  S.  AFFTC,  December  1962  (AD296012). 

i.  Report  FTC-TDR-62- 13,  "YHU-IB  Stability  and  Control  Tests," 

U.  S.  AFFTC,  August  1962. 

j.  Report  No.  204-947-125,  "Detail  Specification  for  UH-IB  Utility 
Helicopter,"  Bell  Helicopter  Company,  May  1963. 

k.  Report  No.  204-099-180,  "Evaluation  of  204-706-053  Float  Kit 
in  the  Model  UH-IB  and  Model  UH-ID  Helicopters,"  Bell  Helicopter 
Company,  20  March  1964. 


Securitv  C.  lassiijCiJt’on 


I  DOCUMENT  CONTROL  DATA  -  R&D 

1  CSeCurifv  clnasi  fu'iiliot}  *i(  ti'.lo  hottv  ut  nhsttttct  mui  iiulrxiitfi  uiinatHiiiui  must  he  ctttvroiJ  v.  *’en  the  ovuruU  rt*/>or/  c  lus  sil  ted) 

1  1  ORIGINATING  ACTIVITY  fCorpor/ift  auf/ior; 

Id.  S,  Army  Aviation  Test  Activity  (DSAAVNTA) 

2«  REPORT  SECURITY  C  LASSIFICATION 

UNCLAS.SII-II-;i) 

Ldwards  Air  Force  Base,  California 

2  b  GROUP 

3  REPORT  TITLE 

lingincer inj;  Test  of  Ull-IB  Helicopter  Hquipped  with  i-loatation  Landin^j  Ciear, 

4  DESCRIPTIVE  NOTES  (Type  ol  report  nr\d  inctustvo  dotes) 

Final  Report,  27  July  I'JtiS  through  It)  September  19()5. 

5  AUTHORfS)  (Lost  name,  first  name,  initial) 

John  T.  Blaha,  Project  ling i nee r 

Roger  L.  Rich,  Lieutenant,  IISN,  Project 

Pilot 

6  REPO  RT  DATE 

August  19u() 

7n  TOTAL  NO  OF  PAGES 

82 

7h.  NO.  OF  REFS 

n 

0/1  CONTRACT  OR  GRANT  NO. 

9o.  ORIGINATOR’S  REPORT  NUMBERfS; 

b.  PROJECT  NO. 

'  lIS.ATliCnM  Project  .‘.'o.-l-S-SJOl-Ol 

9  b.  OTH  ER  REPORT 
this  roporO 

NOfS;  (Any 

other  numbers  that  may  be  asai^ed 

d  USAAVNi'A  Project  h'o,  ()4-()2 

10  AVAILABILITY/LIMITATION  NOTICES 

U.S.  military  .tgcncics  may  obtain  copies  of  this  report  directly  from  UDC.  Other 
qualified  users  shall  request  through  Commanding  Cencral,  llq,  U.  S.  Army  Materiel 
Command  (IISAMC) ,  ATTN:  A.MCPM- IRFO-T,  Project  Manager,  Washington,  1).  C. 

11  SUPPL EMENTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

Iroquois  Project  Manager 

U.  S.  Army  .Materiel  Command 

13  ABSTRACT 

A  limited  engineering  flight  test  evaluation  of  the  Ull-IB  equipped  with  floatation 
landing  gear  was  conducted  by  tlie  U.  S.  Army  Aviation  Test  Activity  (USAAVNTA) . 

The  ol)jcctivcs  of  tlie  program  were  to  verify  and  amplify  the  data  obtained  during 
the  manufacturer's  flight  testing  aiid  establish  tlie  basis  for  the  Operator's  Manual 
data  to  be  used  for  IJll-lB  helicopters  equipped  with  floatation  landing  gear.  The 
USAAVNTA  was  designated  bxecutive  Test  Agency  and  was  responsible  for  test  plan 
preparation,  test  execution,  and  test  reporting.  A  total  of  40  flights  for  27 
productive  fliglit  liours  was  flown  at  .idwards  Air  Force  Base  and  Bakersfield, 
California,  from  27  July  1905  through  10  September  1965.  The  Ull-IB  equijiped  with 
floatation  landing  gear  could  be  flown  with  reasonable  safety  within  a  restricted 
flight  envelope  comiiared  with  a  standard  Ull-lli.  The  overall  flying  qualities  were 
inferior  to  those  of  a  standard  Uil-IB.  Installation  of  the  floatation  landing  gear 
resulted  in  a  significant  performance  penalty.  Tlie  water  handling  cliaracteristics 
were  considered  excellent.  Several  warning  statements  and  notations  describing 
peculiarities  in  liandling  qualities  wcie  recommended  for* insertion  in  the  Operator'^ 
Manual  for  operating  lIll-lB's  with  floatation  landing  gear.  A  restricted  fliglit 
envelope  was  recommended  for  the  Uli-IB  equipped  with  floatation  landing  gear.  The 
performance  test  results  were  recommended  for  incorjioration  in  the  Operator's  Manual] 


DD 


FORM 

1  JA  N  64 


1473 


UN'ChASSIFIFl) 


Security  Classification 


UNCLASSIl’IliU _ 

S.-curity  Classification 


Lnginecrinj;  Test 
Ull-115  llelico]ttor 
I'loatation  Landing  (iear 
l-lying  Qualities 
Water  Handling  Characteristics 
Handling  Qualities 
i'erfornance  Test 
Stability  and  Control  Test 
Operator's  Manual  Data 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY:  Enter  the  name  and  address 
of  the  c  ontractor,  subcontractor,  grantee,  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  issuing 
the  report. 

2a.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  v  hether 
“Restricted  Data**  is  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2t).  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di- 
rt'clive  5200.10  and  Armed  Forces  Industrial  Manual.  Enter 
the  grouf  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letle:s.  Titles  in  all  cases  should  be  uncla-:sified. 

If  n  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  ir.  parenthesis 
inmediutely  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g. ,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  speciHc  reporting  period  is 
covered. 

5.  AUTHOK(S):  Enter  the  name(s)  of  authoKs)  as  shown  on 
or  in  the  report.  Entei  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  aMthor  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:  Enter  the  dale  of  the  report  as  day, 
month,  year;  or  month,  year.  If  more  than  one  date  appears 
on  the  report,  use  dale  of  publication. 

7a.  TOTAL  NUMDER  OK  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.e...  enter  the 
number  of  pages  containing  information. 

7/j,  NUMiiER  OK  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMFiER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

Sb,  8c,  &  Sd.  PROJECT  NUMDER:  Knier  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activitv.  This  number  must 
be  unique  to  this  report. 

9/j.  OTHER  REPORT  NUMF3ER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  orif^inator 
or  by  the  .sponsor),  also  enter  this  number(s). 

10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim- 
ilalioi.s  on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.” 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized.” 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  “U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(5)  “All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known, 

11.  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  fpay 
in^  for)  the  research  and  development.  Include  address. 

13  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  icquircd,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  o(  the  in¬ 
formation  in  the  paragraph,  represented  as  (TS).  (S).  (C).  or  (U) 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  optional. 


